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Abstract of JP8316125 
PURPOSE: To improve the resolution 



exceeding the diffraction limit by emitting the 
light from a light source to a mask, diffracting 
the pattern of the mask, diffracting the 
diffracted light through a projection optical 
system, and reproducing the pattern on a 
sample to be exposed. CONSTITUTION: A 
mask 1 is inserted between a projection optical 
system 2 and diffraction gratings A, B, and a 
diffraction grating C is inserted between the 
system 2 and a wafer 4. In this case, the 
gratings A, B, C are simultaneously phase 
gratings. The light R perpendicularly incident 
to the mask 1 is diffracted to zero order 
diffracted light R0, + primary diffraction light 
R1 and - primary diffracted light R1* on the 
mask surface. The light R0 arrives at a point 
AO on the grating A, and the light diffracted in 
the - primary direction is diffracted to + primary 
direction at the point BO on the grating B. 
Thereafter, it is diffracted at the point CO on 
the grating C via the left end of the pupil 3 in ± 
primary direction, and arrived at two points Q, 
P on the image surfaces. 
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tm$r Lfc**rS*#¥*Sr« LT [h]#t LJ*»±K:±E 

[if *3«2] _LEliISrr5XS±:l/r 2 00|fft5 rfc 

^d»b©*ftlsI*fi--B»l £JB2 0>[ElSr?«fc. 
KS»5te** b © *: ® *rf * » 3 0> 0$r^^ fc , 

N A, */Jn*M : 1 K J; 9 fflK±-««i$ 

*5WC, ±IB«Ri:±IBa»3fc**«>IIB^±IBWRt¥ 

©ABU:, _LE^;^<b¥?TK, ±|B^^^«d>6IB«cJB 
S*f oit)**<, A»of o©2«^Tt»*:i«r 

If*** 7 ] HUBSg 1 OlHl*f*^O^W/affl P 1 tt, 
X/ (1.42 • NA) 1 

offiee k a r & w« t a wr** 5 b«<b«#*# 

[§fr*^8] ±E»1. JB2&tf»3<0|nltt»^Jlffl 

SWW**b<, -hflB»i<oiii»f»^<oggw«fflPi. m 

2(Dmntfr<o&mM]ttP 2, »3oiu*f»^^Mi» 

$jP3tt. «I3T 

1/P3=1/P2-1/(M« PI) 

[W*3®9] ±E*U©lF«*^&±E««»a>fe* 
*B«Z1. 2fctf* ±ES!2, #3<0@W»^<&-fcSE^ 

(Z3-Z2) /P2= (Z3/M+Z1 • M) /PI 

co mm zmtt r t * i- s w 5 Ett^a»at 



[Msftai 0] ±ESS l 0>lEl#r*H?\ ±EJK 2 ©Eir* 
^ &t^±K*3<DiHl«r»^o#»:ttffi«x -bBf&io 
0*r*H\ JbBIS 2 <DllIifrtt^\ X05±lB«3OlHl»f» 

[»*Kl l] S(rlB*2 0liISf» J ?-03g|fflja»3P2tt, 
P2^l/ (1-2 • NA/M) 

^^Tt-rr t ^r^m t -rzmxm 5 Ett^sKB** 

fee 

[flMPKl 2] B«EJB2Xl«B3©|Hl*r*^tt, ffiti» 

fee 

MMtfSi 3] li»ESgloimW»*l*, titfaKHPT?** 
rt^iits m«3si 5 E«£>»se*##ifco 

ittB-^lRj^Wi-SSIdSZ l-NAKT-e, «SIHH»3&s 
m£2-z 1 ■NAOfBi«>a*^-^*rli«t6fcfct> 
atrB^^^om±XttiET^. ^**±o±E#l 
* - >- £ f5 #« Sra*"T 5 IB 2 (OJK * 

< J**? 1 3/ z/^ic^Ifc Lfca* feKJfrf S d t %&mt -t 

5 ft 5 iBm^a^^^^-^o 

1 5 ] IfflElHlttflm* 1 ft5cIiI^f»^-T?*> 9 , 
l«Ba»***©ttKiR*dS, »±"CO±ElHl*f*^© 
Hffl*lRli:aK*arlRl«)ci:S«:«lfcUT, j»*t»**3 
J: 5 IcHX^MjE S tit ^ 5 r t Zftm t *t 5 5 B 

z^nz. t t-tzmim 5 lEt^aggm 
1 7 ] mb-^^ ^ ^jb^ 1 <oEHim*<om 

[M^l 8] MB^^^tt, W]&mi<0\B\$T&?<Dffl 

« t f -5 5 Bt<o»»8*^. 
[M*4l 9] fl!TB»io|«l«»^^«rB**wlWSr, 

con A^r > 

0. 5<NA<n/2 
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mt^nftm i <n&mmmp i u/<i.42-n 

A) ^Pi^l/NA) oKSlia*r»^*r#U ±ISS 
[ft^2 1] JhiElBl. !B22feUfSB3 0|HlJr* J f-^» 

^ 2 (©iHi«f*^-<o^m«ffl p 2 , m 3 coiu^^-cd^f^ 

HiP3lt «tf 

1/P3 = 1/{M • PD+1/P2 

<oH« Srttfci- r t -f S 2 o !H^cD&f£ 

2 2 ] _bfEfg 1 ±E* 2 OlallFf* 

ISJrlfr*\ ±IBSI 2 OIilSf*&^> &tK±IB*3©I5i#r» 
^£Ktt£*SKSSoBiff, At5±ia»2 0liIJf»^ 

B5oB«)JRS6* s */h t * £ ct 5 KRit Ufc £ t t 
[!S*«2 3] WISS«i:«rlE»l^lHl»f»^raJc:, 

itrts— *iR»!i»i-s«*sz i 'Na^t-c, summit 

li#2 • NA • Z l<D»ftA**-^£Wi-5a\ Xtt, 

6>»*-*-5«iB*r*rr « r t t-rzw&m 2 0 15 

[0 0 0 1 J 

[0 0 0 2] 

l s 1 «o@«cai^-o«a«XTjWf^5a 
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[0 0 0 3] X. «/ha«B*«feO«MftflC4rS fefclRl-k 
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— BLb-ett^v* * - V W * * * W £ <£> tt on 

[0 0 0 5] 

[0 0 0 6] *i"«r**0«**fttt, (l/^X) 
WipfcoSji^P^M^ejAr F^^r^-^U— If (ffiSl 
9 3nm) 3ftSK#t#*.fe*L-5. X> U-^XRtmtflS 
a±©B*3ft»fo, J»***©NA»0. 6-0. 7 3^RR 

ttO. 3 A/NASa-Cfc?), tot, ±fEMSS{b^ 
t^iSNAfttORBJfSrfflV^Tfc^ 0 . 1 n m£XT<Ds<?*- 

l s 1 (Dxmmwzm^mytffiffinfojztm&ztix^ 

5*5, 8»*¥*(OB3t7-f -/I/ KOtt^tSN Aft© 
[0 0 0 7] -2f, «*o|Hl*r«**r«*acttratt 
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<5 k <5 o 
[0 0 10] 

A, *'h*=l :M) KJ;9^±^&$^T^~ 
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2o(:^TEx.5 (04 a) 0 #lffi©*lc:rau 
^MS^il^S (04 b) . fiP^. 0 4£>4§£\ 

0 4 bCO^O^— V =-mVritfl&EL 4 a<D£E.M<Dt&<D*P\Z. 
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[0 0 2 3] ai^#;Uxtf, lKDmtfctZX^? YA> 

So 

[0 0 2 4] ffea>ibjLT, EWfft^Cfc^U-C f ' 

^O^BS^^icilHirrt&^-B^T^ 

[0 0 2 5] 

u(x) = F[Sp(f-f')'2o(f-f)] 
f 1 =±sc 

f"=± (SA-SB-SC) 

::-c, F[ ]J47-y^3Elj|, p ( f ) ttttHft. o 
(f )f4-sr^^7— paclHWHfc, x ttXSIHMMK, f 14^ 
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mm&%kmM. SA, SB, SCttHlSffe^A, B, CCD 

^r, 

SA=SB+SC 

ti"5t, 
f "=o 

t*9. f ' =±SCCDW*lC»UT*^ f '=0t4S 
BP%2 0fl>fcp ( f ±SC)*r^h 
LT loo^ h;Uo (f )£rjl,5:: t^T£So $ g, 

mm&mm<Dvm. &*zk, zb, zc&, 

SA« (ZB-ZA) = SC- (ZB+ZC) 

[0 0 2 6] ±<Dftfl:S:5fi«*3fiB<DT-CllB/h*M : 1 , 
MR P*N A©***l-lfflt* IS*r*HF-A, 
B. C<Dj^PA, PB, PC, "^^^ffitlHlSfft^A^ 

BWcoeiBtZA, zb, mSrft^ctaffllttffilBofiEiltz 
CSr^iSftco* ^ ic&^l-fttf J:^i ta s fc>a»So 
[0 0 2 7] 1/PA=1/PB- 1/(M- PC) 
<ZB-ZA)/PA=(ZB/M + M- ZO/PC 

£ bid, **WtcJ:9+»«?«HM[ftJd»*«r»<5feae) 

l/NA^PC^/" 2 - A/NA 
ti-£it;&50£LV\, 

[0 0 2 8] IsIJUfr^A, Bf*. WfTfcS^t^ 

»*uv\ lajfflfc^A, B3fts*^/j?ffi«»T--ejS:< o#c 

[0 0 2 9] ®*f»^BO*ffifflfl«:©*r*n^l J:*?^: 
#v^flc#T«ffci-t, i<0««cojK«t[HJtWia>s i 

niSl/ntftS, ZZX\ £<b\Z.\E}$T&TB<DmWl% 
t, tt*«W-*U/n t#5fctf>am£fc l/n(£[*]± 

ft<*5o rtbl!USCTii*i- Sit 

asu* uv\ r^rtJi^oiplCBTV^^Sit^-c 
#*. laI*fl^Bt»SolH©JB»f*3flSi<o»&, #3S 



•MfcflErt±B:#6>*t*V\ sine >0. 5©ft«0-CJH«l 
A/NA co IHSr^ B AIM" 5 fctt-f 6 tt 
9O0)l±t/^, ac^yfe^ h&t urisisf*^* 

lHl#f»^-BtStEcoM<©Ja*f*S:nti-St^ sin 
0=NAiO^at?lHl*ffe^B dftco«SSrii5BLfc 0 9:* 
*s ? oi^- (c^iE A«-T 6 £> f4H A / N A -C * it 

nrfftfettvo — A*tu^*^iei#fft e'tt 

sin0'= U/PB+sinG) /n = 2NA/n 
t*9, 0' < 9 0&Xtb&1Z$><D$km*. NA<n/ 
2tfc5o BP*>, ^^NA=n/2©m* 

ttMMWJOi'V'XSr&Kt L/cC^o lot, 
P**lci8V^Tiitt#^SftT^SNA0^ 6^ScD& 
Ki/yXtflv^t, SlIrft^BtStE^WSrTK (JS*r* 

3) TMUfc LT«*-T*trr, JMtttfcNAfcl. 
2 t UfcOt#«fe»*3ftS»fe*L*. i<0»6\ 

*«7^:/C9 i**C9&ft (3 6 
5nm) -x*hs O.UmOT^MW^ri: 

[0 0 3 0] £Jl±0»l»f±±Tafil*3ttiHSr««L, lalff 
»^oaS««)»*r**r 1 1 Lfc*>co-Cifc*J, SUStettlS! 

[0 0 3 1] *^(d*5V>-C^ic-r-<#^(COV> 

[0032] muz* **^*-ett«*B**fet it-* 

1<DU± (^^-tlHltFrfe^Ccora) fc»*^^5 
2 ^^(t-citt^<D^o^^«-ra i t *Sg* LV\ 
0^ci:a*-7^^5 2n m^L-tcxoizm— 

<n*nm&L 5 3 0PSiBJc*riW-6 i t ^"C^ S 0 (gij/r 
^icLT, ^*9to%±JLft%TVi±KMfcvx* ttS 
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& (PjK) bi&CDfc (Q&) <Dm<Dm& 03-13T2 'NA- 
ZIS MatS**"C, ±iaE«l<0 2«S:Ji»ii: IT 
IMtiSo Hot, B3f3T«*ffi«* s B*L'fcv>B 

[0 0 3 3] m2tc, ^jfe-Ctt-KfcB^gWEjftSfiT 

[0 0 3 4] f3C, ttOttW-C^bytJ: 5t-> *-hfc 
f / "=0C0M^UV>[E]^{^PX.T, f"=±2(SA 

ft, 

PA^ 1 X (1-2 ■ NA/M) 

^EWrSftfclEWr* (H1*R1) l£*t-r*|H]tf*-?-A 
fc£*+l*;&Gl<oiajf* (ii^Ai^ibm« 

[0 0 3 5] S4(C, *»HO***ttt, lHlJf»^-» 



tfOX 1 X 2 X 3 I, OYJjjYgK ^U^OZiZgZal 

X 2 X3 = Y 2 Y 3 =Z 2 Z 3 J: 19 , OX x X 2 + X3K 
OY 1 Y 2 +Y 3 I, RTfiOZ 1 Z 2 +Z 3 l<D&&M&bte 
£o Mi^SOXiX^a I ^bOZ 1 Z 2 Z 3 I 

(^6«<z)Sffiiixi^oY 1 Y 2 Y3 1 *mmt its 

«r*"*- S*»ic»t 5 HRH w + ( s ) tt*±"C-jttfc#» 
6w + (B)««rWiLT«»iM. *»WCtt, 

6<t5tr, +*iftt-*lRlfciaifrL*:*K»'r5*±iR 
[0 0 3 6] w + (s)i:w-(s)^ltmH 

ia«»**-e*t3Ei-5ri:*SRriB-e«>ft. *r-c, aw 

<s) = {w + (s)} - (w-(s)} »± 

mmb®ffi#*<Dftttt!LmM&&v'*5*-* * 1 n 

= 1, 2, •■•) oBB»^ LT^£*x£o RSJB 
tt, - l^s^l©«lt, Aw(s, xiXSWc 

&\C*5\,^XHjE't£Zb&'V%Zo X. tSb\Z±Vft'< 
[0 0 3 7] ^^oyh^^^^/N^-Vi LT 1 

Awi Lt, ^Ji^2^5cM^ (s, t) CD@g$: 
Aw(s, t)= {w+(s, t)} - {w- ( s , t)} S: 
#X., Biffirt-C, Aw(s, t, x i)<6Wtfx i 
&&$>tl\*£\,\ ZtM, w±(s, t)$rBi±Ts=0 
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[0 0 3 8] ££>IC, ±X<Dl?faKttLX*&W<Dm%: 
imiK, 08OJ;5#l&7G[Hj^te^&jB^6 

x*fa<D/<?~>'\cM^xmmftteKAte2m&<m± 
<om&. x^fa<D/<*->'\ztt^xmwftteNAtej~2 

fet?j:<9, y^fa<n/<? — >'\z.tt\^X\%l/r2bt£ 

£ G i8c(D^ x, yM^ft<bfcNAte^2lg<>:# 

? ±.X'*&— i/(d\/4tvy ^—^mzjjfa x 6 mm 

[0 0 3 9] ^^li^^->'^^#te^^<i-fc 
Wcite, H)8a N b, c(D^ 9 0 ^d! 

^^^r#fiig^^tTo-c^i:v\ ^ic, 08c Krft 
^tzm&iaz. x, y^-^^^^-i-^/^-^ 

£\ ilx^t^t>9 0^0^60 ifc^«:E£Hi 
y^/^^—^m^xn^^. mffite+t hh\z-^h*9 o 

[0 0 4 0] 0 3 {c^U/ci; 5 ^J^gHStfBS':? h-^-x 

;<*->'<D&&±ifrjr&:xmytL<. z<D&*:<D<&<Dnft 
*&&mftmxm%:i-titt^\ 

[0 0 4 1] JblB^^-^fCNA^^ fcfcld 

^Icif^-f 60 Z(Dfz£>, NAO. 1 ~0. 2fMS<E»# 



[0042] ka±, oatoajffjfcHtr^Cftu 

mft<nxmzmcbtix\,^%mzmzyt¥ 
m&micj&mztix^zhox&ztfs ms^/Msas 

v>rfc<^icii3BL^feojcflfc*e>«^ 0 sp*>, bio 

*38WW\ H*r#*#, ROf^b©^ 

[0 0 4 3] 

(HJfi^l) *»W(CS<5#, NA=0. 4 5, 
fl = 24 8nm, »/h*4 : KD^^rt>iKrFx 

^Kjfbfco ip*>. i o o±\cmmvti 

r>x/N-^r-^ i0 4±ic«tyt^^ 

-10 5t»«l 0 2(Om^ tf®«3fc^*- 

0 6 Sr, m?fc'<*-><DM&V^-\zttm^Z£5\z 
^AUfCo ii3t^°^ — Vtt«3 0 0 u mmm 1 mmOC 
r — — ^ttJi»l=A./NAOS i 

b/co ^**MMH5T3aRl 0 3_hco 
fifctH«HF^^ — ^OJBffltt, ^^-W0 4fSTfc«o 

s imfcmmt*, m<o^&nt^v^n^m^\^ 

L^io X. ^^OBB***l 0 7<WJ(C. til. 2m 
m, J^^= 4 mm(0i*/^-y?:tt6^^ 1 

[0 0 44] »W^T3E« 1 0 3 ffiffi<D&1®fa*<DfflM, 
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^-10 9 ^««^Ml^ALfc 0 m 
■C> JR3l*tE7^/^— 1 0 9tt, ±^±|SlHl^ffe^^ 

(H^-f) tt«»8S« (H^*T) «-*F3?g 

100i ^x^- J*^ — 04^ 4 : 1 COig^ 

Jt-CW»l*3lEi-5. 
[0 0 4 5] ±|B«#S6B«rJfl^-C\ Ji»3S!ttlSV7 h 



6ffli/7h-7^^lCiMj5fe9 0nm TOl80n 
m) (Dl/^h^^-^MT^fc, — ±BB*IrJ 
fcMEft^fR] (y*lRl) CD#«fc^fcJ\ ttffii/7hv^^ 
SrJEl^TTh&l 4 0 nm (Ji#3 2 8 0 n m) Sg-C&o 

[0 0 4 6] fc*5, ±OS8i(S«tt, 3fef^©l«, N 

[0 0 4 7] (HJft«2) HIlff*-7-*AlC#5JR 

■To HI 0«>***fc*5V>r, O. If*. laI*r»-7-Sr» 

WAL4v^lSI»3te**o^^^ffifc*BS, hi (i=l 
-6) f^lSI^cO^KI^^i-o EI*r»^A, B, C^x 

[0 0 4 8] 



w±(s)=wu±(s)-hw s ±(s) 

wu±(s) = C 1 h 1 +C 2 (s 1 ) h 2 +C 5 h 5 +C 6 h 6 
ws±(s) = C 3 h 3 +C 4 h 4 

C A = tan [ (s ± s Q ) /M] /M. C 2 = tan [ ± (s 1 /n) - (s ± s Q ) / (nM) ] /M N 

C 3 = tan [s/M] /M, C 4 = tan (s) , 

C 5 = tan[(s±s 0 )/nL C 6 = tan(s±s Q ) 

A-efe^ 0 s 0 (NA) . «/h«*M, a^^3€««OJB 

f^7^-^, hi ( i = 1~6) at^s 
"C, wu±(s) N w s ±(s){zML>Xi&m&Mc'hb-r'< 

[0 0 4 9] 

[^1] 



NA 


0.1 


0.2 


0.3 


0.4 


hi/hs 


17.352 


16.167 


14.263 


1 1 .343 


h2/h5 


0.529 


0.995 


1.343 


1.507 


h3/hs 


24.014 


22.600 


20.137 


14.819 


hVhs 


0.368 


0.485 


0.652 


0.920 


he/hs 


0.01 


0.01 


0.01 


0.01 


S1 


1.225 


1.259 


1.300 


1.349 


w max(s) 


5x1 0" 9 


3x1 0' 7 


4x1 0" 6 


5X1 0" 6 


w««x(s) 


1x10~ 12 


1x10" 9 


2x10 " 7 


1x10" 5 



w Uiax< s ) = max[w+(s) - w-(s)] 
s1 = n X /Pa 
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[0 0 5 0] mfrbt>t)*Z> <£ Pt-s NA-0.4t:^ 

«l^lR^4*SrW£3** rim 3* 

[0051] (mmm 3 ) #cic, 1 ^ Ltzmyt 

mm&FBi<^X^ 0. 1 pmVLVrA^- y^DRAMSrM 
LfcW-o^T^So Ull m> ±IB^M*(DfHK 

[0 0 5 2] *i\ swi'tp (BioHM') SrJftfcUts 

i M2 0 1 ±\Z.T^(yu—>3>2 0 h 2 

0 3£?gj*Ufc (HI 1 a) o T-f yv—i/B^RW 

it^b^»3fcSfi^J:l3»3tU^o v-^u- 

S^CI^It 6 1 i (a o IT t) J: 

[0 0 5 3] ISfe^, 3r^/^>*-2 0 4 2fcO t =*:'** h 
2 0 5 (SI 1 1 b ) o =» >^ * h 

^1^BS^2 0 6 % (tH^iiri*) , * 

2JMBS12 0 7*r*ricUfe (Hi l c) 0 f&lJigfi^ 
(0. 1/iinL/S) ttfl»ffltt5B^7 h^^fcJW 
«1 ^U^»*K«Srffiv^TS»3feuyi:o i&U :^"C 
#laIW»^<z>*l^ £ ^ttfetrH 9 c tc^ Lfc fe OKSEJE 

rcD<t^, I^^CllX^iE^^/W^— 1 0 9t>(HlSf»^- 
irbl-9 0ffl§]«E£-grfco r*UrJ;tK mftomftft 
i-M^^SB^^bT^^^^LicO. 1/trnL/ 

✓ < ? — >-&TJ* :7 T 4 -Jvw* y i/^<— V 3 is/* $ — 

0. 2 vm/v— ;v~T?®%)r£tiX&Y) , iMOTiSrJfll^ttV* 

[0054] (MtemA) ^m<om<ommmt 

It, *#W£$M&»3BS! (DFB) l^-if-co$il^^ 
jSMbfc^(cov>T^-<5e ffeteSWa*, nao. 5 
<DA r F^3rv^ u-ifffi/h»KBXKS«rXttffl l m 

h D F B if— ^KXSJC*5V^r, «?flk»ffl&« 
£/B^T7^cLTl^Ji#§l 4 0 nmcolHlSftt^Sr, JU 



rfl s ^ k 355 pjfg ^ ft o fc 0 

[0 0 5 5] 

6r drftU^ -t©NA*rHRW«cft^:2fS^U/t:Oi: 

[0 0 5 6] 

[Hl@co^¥^M] 

III] #*WKJ:S-***o|S«o]ira«r«W*W 

[@3] *¥£W\££Z>— ^mi^W^y b^xtXtt 

[SI 4] #*WlcJ:5-3)l6**o«SltoJDra«:iaff** 
[SI 5] #*W*;:J:S— »**<o-»»fc»**fto- 
[SI 6] #*WK:J:«— A**©^«r*-f«a;ia-T?* 

[SI 8] ^^-Cffi^^^:^p a p<?r^tlicJ: 0»6>*b* 
[SI 9] #»W©-**«li:J:Sai*Kitt©«fiK«r^i- 

m^sj-rfc^o 

[bi o] *&wmwmnm<Dm£&7F-rm'Vhz> 0 
imi ij *»w^suoit*«teJ:*^<-f ^ffiRxa 
^^-rm^si-cfe^o 

[^-^-CD^PJ] 

5, 2 0-JRf9, 6, 2 9-m A, B, C-@*r» 

R"-#, R0, RO' — ORlHlJff** R+> 
R1"-+1W1 Rl\ R IJSfcHWtt, 
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AO, Al--|3ifrtt^AJbG>jSU BO, B l-HWHM 1 
B_h£>,£u CO. CI, CT — BJff*^-C±«)jfiL % 
Q. P, Q' -fflfi±<D&, 2 

2 2-1 2 3-«^l. 2 4 -It, 2 5-M> 
2 6— JUJHfflffiS^^ h^*^. 2 

^••igjftt^AJbO/SU X 2 , Y 2> Z 2 -0#T*&^B_htf> 

[mi] 



■ 1 




lift, 10 1-^^ 102 

10 3-81^«, 10 4-Dx/n- 

53?«, i o 7-j«w***, i o i 

0 9-«H61ijE7^/U^— , 1 1 O-XT—iffflfflK, 

20i-siit, 2 0 2-r^y^3y, 203 

— K 2 0 2 0 5-3^^h 

*-/K 2 0 6 -US 1 ASM. 2 0 7 -IB 2 ASM. 



[12] 



02 




-11- 



[H3] [04] 
03 S14 



mil] 
ni i 




1(217] 
07 



ms] 

08 
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